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Summary: We compared data obtained with the Kodak Ektachem and Hitachi 717 Analysers and HPLC from 83
neonates under phototherapy. Total bilirubin values determined with the Kodak and Hitachi are in good agreement,
but we observed a large discrepancy in the results for conjugated (Kodak) and direct (Hitachi) bilirubin. HPLC
revealed that all the samples contained configurational isomers, while only 7.7% and 30.8% contained conjugated
bilirubin and structural isomers, respectively. We developed a device for the specific and quantitative production of
configurational or structural isomers, by irradiation with blue or green light. In vitro, total bilirubin values are
coherent for the routine analysers in the presence of configurational or structural isomers. With configurational
isomers, unconjugated bilirubin (Kodak) is lower than total bilirubin (Kodak), and conjugated bilirubin (Kodak) is
always equal to zero, so the apparatus gives a false positive response for delta bilirubin. In contrast, the direct
bilirubin (Hitachi) is constant. Furthermore, in the presence of structural isomers, unconjugated bilirubin (Kodak)
is unexpectedly higher than total bilirubin (Kodak), conjugated bilirubin (Kodak) is proportional to the quantity of
these isomers, and direct bilirubin (Hitachi) is constant. The contribution of photoisomers in bilirubin measurements
is discussed.
Introduction
In jaundiced newborns, conventional phototherapy is re- oxidation and the appearance of colourless photodegra-
quired for lowering hyperbilirubinaemia and sometimes, dation compounds (5). The mechanism of bilirubin pho-
in severe jaundice, intensive phototherapy with a high tooxidation has been reviewed by Landen et al. (3), and
light energy level. This intensive phototherapy, which the resulting compounds were first identified by Light-
is as efficient as exchange transfusion, induces a rapid ner et al. (6) in the urine of jaundiced newborns under
decrease of unconjugated bilirubin, of about 34-45% phototherapy. Nevertheless, this process is too slow in
after 4 hours (1). The lowering of plasma unconjugated vivo to account for the rapid decrease of bilirubin. Elim-
bilirubin during phototherapy is due to the appearance ination is due principally to formation of photoisomers:
of new molecular species by 3 pathways: photooxida- configurational isomers (4E,15Z)-, (4Z,15£)-, (4£,15£)-
tion, and structural and configurational isomerization of bilirubin IXa, and mainly structural isomers (4£,152)-
the native form (4ZJ5Z)-bilirubin IXa (2). These pho- cyclobilirubin IXa and (4£,15£)-cyclobilirubin IXa (7)
toproducts are more polar than the native form and can (fig. 1). Structural isomers are formed by irradiation
be excreted in urine and bile without conjugation. In with green lamps, whereas blue and white lamps pro-
vitro, photoisomerization appears as the initial process duce configurational isomers (8—10). The clinical effi-
(3), followed by formation of biliverdin (4), then photo- ciency of the different lamps and the effective doses are
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HOjC
(4Z, 15£)-BilirubinIXcc
(4Z, 152)-Bilirubin IXa 15£)-BilirubinIXa
C02H HOjC C02H
(4E, 15Z)-Cyclobilirubin IXa (4£ 15£>Cyclobilirubin IXa
Fig. 1 Pathways of formation and structural formulae of the different bilirubin isomers.
controversial (7, 8, 11-16). During phototherapy, fre-
quent plasma bilirubin evaluations are required in order
to follow the decrease of unconjugated bilirubin. Often,
in samples from patients with high levels of unconju-
gated bilirubinaemia, we have observed differences in
values for bilirubin fractions between the automated an-
alysers used routinely in our laboratory. These discrep-
ancies are found in the determination of conjugated bili-
rubin (CB), direct bilirubin (DB), total bilirubin (TB)
and unconjugated bilirubin (UB), and they are particu-
larly serious, because the analytical fractionation of bili-
rubin into direct- and indirect-fractions unfortunately
does not correspond precisely to the pigments present in
the serum of patients. A number of publications have
previously highlighted these points (17-24).
The purposes of this study were to investigate the influ-
ence of bilirubin photoisomers on the automated sys-




Standard phototherapy for icteric neonates was administered using
8 special blue lamps (Philips LL 20W/52) with 1-2 mW/cm2 in-
tensity in the 410 to 540 nm range. The exposure periods were
variable, depending on biological results. Intensive multiple-direc-
tional phototherapy, with much higher intensity (3.5—4 mW/cm2),
was provided by an apparatus (Mediprema, France) equipped with
16 Philips TL 20W/52 lamps, 8 above and 8 below arid given dur-
ing a 4 hour period. Light intensities were measured by a radio-
meter VQ 460 (Verre and Quartz, Paris, France). ,
Sample collection
Arterial or venous blood samples from 83 newborns, collected after
phototherapy, were centriraged immediately. Plasma, protected
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from light, was analysed for bilirubin by routine tests. For HPLC
analysis, samples were stored in the dark for a maximum of 2
weeks at -20 °C. AH the analyses for this study were performed
on excess of blood samples from the clinical survey. Thus, some-
times, we did not have enough material to apply all the methodolo-
gies for all the samples.
In vitro irradiation
All experiments in vitro were conducted in a room under dimmed
light. Solutions containing different concentrations of bilirubin
were prepared from pooled plasma supplemented with a highly
concentrated solution of bilirubin (crystalline bilirubin, Sigma, dis-
solved in 0.1 mol/l NaOH), containing a trace of EDTA (25). These
solutions were gassed for 5 min with 99.9% N2. Irradiations were
performed with a home-made device equipped with a 200-W high-
pressure mercury lamp; wavelengths are selected by suitable blue
filter (absorbance > 2 for λ < 408 nm and λ > 417 nm; minimal
absorbance 0.38 for λ = 420-422 nm) and green filter (absorbance
> 2 for λ < 426 nm; minimal absorbance 0.17 for λ between 530
to 556 nm). Light intensities were 17—18 mW/cm2 for the blue
filter and 10-12 mW/cm2 for the green filter. Plastic cuvettes (10
mm-pathlength) were filled with 0.8 ml of bilirubin solutions,
gassed with 99.9% N2, and irradiated. After irradiation, the solu-
tions were kept at -180 °C in liquid nitrogen until analysis.
Bi l i rubin routine analysis
Bilirubin routine analysis was performed on a Kodak Ekta-
chem 700 XR Analyser (Eastman Kodak Co. Rochester-Ny, USA)
using multilayered slide methodology, and on a Hitachi 717 Auto-
mated Analyser (Hitachi, Tokyo, Japan). On the Hitachi, total
bilirubinHitachi (TBHi) and direct bilirubin (DB) were determined
(26) and indirect bilirubin (indB) was calculated according to the
relation: [indB = TBH» - DB]. On the Kodak, total bilirubinKodak
(TBKo) was measured by a modified diazo method; unconjugated
(UB) and conjugated bilirubin (CB) were determined by reflec-
tance spectroscopy; the other quantities were calculated:
albumin-bound delta bilirubin (SB) [δΒ = ΤΒΚο - ( B + CB)],
direct bilirubin (DBKo) [DBKo = TBKo - UB = CB + δΒ] and
neonatal bilirubin (NB) [NB = UB + CB].
We used TB slides, notwithstanding the fact that Kodak Company
recommends that TB slides should not be employed for samples
from neonates before 15 days (27, 28). Otherwise, we followed the
recommendations of the manufacturers for bilirubin determin-
ations, maintenance and calibration.
High performance liquid chromatography
We used a Waters liquid chromatography (Waters Assoc., Milford,
MA, USA) equipped with a U6K injector and a two-pumps
(6000 A) system. Absorbance was recorded at 455 nm with a spec-
trophotometer (GM 770). A D-6000 model data station and a L-
3000 photo diode array detector were employed to calculate peak
areas and for acquiring spectra during the run (Merck-Hitachi).
Separation was achieved at room temperature with a 7 μτη RP-18
Lichrosorb column (250 X 4 mm I. D.) from Merck (Darmstadt,
Germany) at a flow rate of 1.0 ml/min in a two-solvent system.
Solvent A was 100% acetonitrile. Solvent B was prepared by add-
ing 40ml of dimethyl sulph xide to 60ml of 0.1 mol/l sodium
acetate buffer pH = 4.9. For analytical separations, the following
conditions were used: a linear gradient of 80% Β to 70% B in
2 min, maintaining the gradient at 70% for 4 min, a linear gradient
of 70% B to 20% B in 21 min, and 20% B during 5 min. Samples
were deproteinised by adding 5 volumes of acetonitrile/dimethyl
sulph xide (4 + 1, by vol.), followed vortex-mixing for 30 s; after
ceritrifugation (3 min at 3000 g), 50 μΐ of the supernatant were in-
jected into the column. Identification of the photoisomers was
based on Chromatographie retention times. Extinction coefficients
of photoisomers have been reported by several authors (2, 29, 30)
but the values do not always agree. As we used different HPLC
separation conditions, the detector response was not corrected for
absorption differences of photoisomers at this wavelength, and the
results are expressed as peak area.
Statistics
Data were expressed as means, SD and CV. The areas of the HPLC
peaks are expressed in arbitrary units. Linear regressions were cal-
culated by the least-square method.
Results
Standardization between Kodak and HPLC
Different bilirubin calibrators from Kodak (human se-
rum supplemented with purified bilirubin) were ana-
lysed by the Kodak method and by HPLC. These cali-
brators contain the 3 forms: (4Z,15Z)-bilirubin IXa,
(4Z,15Z)-bilirubin XHIa and (4Z,15Z)-bilirubin Ilia, so
we expressed the data as the sum of these 3 forms, i. e.
(4Z,15Z)-bilirubin (III+IX+XIII)a. The results in figure
2 show that the peak area of (4Z,15Z)-bilirubin
(III+IX+XIII)a and conjugated bilirubin (CB HPLC)
(expressed as the sum of mono- and diconjugated) were
highly correlated to unconjugated (UB) (fig. 2a) and
conjugated bilirubin (CB) (fig. 2b), respectively, as de-
termined by the Kodak method. Consequently it might
be possible to calculate the concentrations of conjugated
(CB) and unconjugated bilirubin (UB) from HPLC
peaks areas using the following equations:
UB (μπιοΐ/ΐ)
= 0.0205 [(4Z,15Z)-bilirubin (III+IX+XIII)a
peak area] + 3.35 (Eq. 1)
CB (μιηοΐ/ΐ) = 0.0719 (CB HPLC peak area) - 1.46
(Eq. 2)
Comparison of Kodak, Hitachi and HPLC for
samples from neonates
Measurement of total bilirubin in samples from neonates
with the Kodak (TBKo) and the Hitachi (TBHi) (fig. 3a)
demonstrated the high correlation between the two ana-
lysers for this quantity. On the other hand, conjugated
and direct bilirubin display a less significant correlation
(fig. 3b); this result is not surprising in view of the dif-
ferent methodologies used by the two analysers for these
quantities. Figure 3c shows the plots of unconjugated
and indirect bilirubin versus (4Z,15Z)-bilirubin IXa de-
termined by HPLC. The two least-square regression
lines are different for the two quantities, unconjugated
and indirect bilirubin. In addition, the measured value
for unconjugated bilirubin was slightly different from
unconjugated bilirubin calculated from equation (1), and
indirect bilirubin is in poor agreement with the calcu-
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lated unconjugated bilirubin (data not shown). The re-
sults of HPLC runs (n = 52) from individual neonates
are reported in table 1. The mean, median and range
values of (4Z,15Z)-bilirubin IXa and conjugated biliru-
bin are expressed as peak area and in μιηοΐ/ΐ calcu-
lated from equations (1) and (2). For the photoisomers,
we expressed the results only by peak area. The HPLC
chromatograms revealed that blood from a large
number (98%) of patients contained a non-negligible
amount of configurational isomers, while 7.7% con-
tained conjugated bilirubin and 38.8% contained struc-
tural isomers.
In vitro experiments
For all in vitro studies, we performed experiments on
samples of pooled plasma, without conjugated biliru-
bin, supplemented with bilirubin. Samples were irradi-
15000
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Fig. 2 Calibration curves for determining concentrations of
(4Z,15Z)-bilirubin (III+IX+XIII)a and conjugated bilirubin from
their respective HPLC peak area values (in arbitrary units).
(a) (4Z,152)-Bilirubin (III+IX+XIII)a versus unconjugated biliru-
bin (Kodak Ektachem), η = 16,
regression line y = 48.562 χ - 162.805, r = 0.987, p < 0.0001.
(b) Conjugated bilirubin (HPLC) versus conjugated bilirubin (Ko-
dak Ektachem), n = 14,
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Fig. 3 Comparison of bilirubin parameters between Kodak Ek-
tachem, Hitachi 717 and HPLC. Correlation study for:
(a) Total bilirubin (Hitachi 717) versus total bilirubin (Kodak Ek-
tachem), n = 48,
regression line y = 0.988 χ + 6.11, r = 0.993, p < 0.0001.
(b) Conjugated bilirubin (Kodak Ektachem) versus direct bilirubin
(Hitachi 717), n = 33,
regression line y = 0.573 χ + 16.65, r = 0.445, p = 0.0095.
(c) φ Unconjugated bilirubin (Kodak Ektachem) versus (4Z.15Z)-
bilirubin (ΙΙΙ+ΙΧ+ΧΙΙΙ)α, η = 51,
regression line y = 0.017 χ + 43.31, r = 0.918, p < 0.0001.
(D Indirect bilirubin (Hitachi 717) versus (4Z,15Z)-bilirubin
(ίΙΙ+ΙΧ+ΧΙΙΙ)α, η = 30,
regression line y = 0.021 χ + 61.82, r = 0.909, p < 0.0001.
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2 calculated by means of equation (1)
3 calculated by means of equation (2)
ated with the home-made device using the appropri-
ate filter.
Bilirubin and bilirubin photoisomers
We tested the reproducibility of preparations of native
bilirubin and bilirubin photoisomers. After irradiation
with blue or green light, the solution was aliquoted, fro-
zen at — 180 °C and stored at this temperature in the
dark until further HPLC analysis. The total storage time
was about 6 hours. After thawing, an aliquot was ana-
lysed at the end of each HPLC run (total time 55 min).
We assumed that thermal reversion of configurational
isomers was negligible during analysis. Data on the re-
producibility of (4Z,15Z)-bilirubin (III+IX+XIII)a, the
sum of configurational isomers and the sum of structural
isomers are summarized in table 2. The values show that
all these forms were stable, under these conditions, dur-
ing the storage period.
Typical profiles of HPLC separations are given in figure
4. Figure 4a shows that under blue light, the remaining
(4Z,15Z)-bilirubin IXa (peak 6) and impurities such as
(4Z,15Z)-bilirubin XIHa (peak 5) and (4Z,15Z)-bilirubin
Ilia (peak 7), are accompanied mainly by configura-
tional isomers, especially (4Z,15£)-bilirubin IXa (peak
3) and a small amount of (4£,15Z)-bilirubin IXa (peak
4). Under green light (fig. 4b), the irradiation produced
a large amount of structural isomers, mainly (4E,15E)-
cyclobilirubin IXa and (4£,15Z)-cyclobilirubin IXa
(peak 1 and 2 respectively); as well as an equal amount
of configurational isomers (peaks 3 and 4 respectively).
Tab. 2 Reproducibility of (4Z,15Z)-bilirubin (III+IX+XIII)a,
configurational and structural isomers (n = 7).
At the same time, (4Z,15Z)-bilirubin ΧΙΠα (peak 5) and



























Fig. 4 Representative HPLC chromatograms of bilirubin solu-
tions after (a) blue and (b) green light irradiation. The retention
times are indicated on each peak. Peak numbering:
1 = (4E,15E)-cyclobilirubin IXa,
2 = (4£,15Z)-cyclobilirubin IXa,
3 = (4Z,15£)-bilirubin IXa,
4 = (4£,15Z)-bilirubin IXa,
5 = (4Z,15Z)-bilirubin ΧΙΠα,
6 = (4Z,15Z)-bilirubin IXa,
7 = (4Z,15Z)-bilirubin Ilia.
The insert shows absorption spectra of peaks 2, 3 and 6 in HPLC
solvent. Experimental details are given in materials and methods.
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Kinetics of in vitro blue and green light irradiation
The transformation of (4Z?15Z)-bilirubin (III+
IX+XIII)a was followed with time. At each chosen time
point of the kinetic study, the solution in the cuvette was
stirred, and a sample was taken and kept at -180 °C in
liquid nitrogen until analysis. The results are presented
in figure 5. Figure 5a (blue light irradiation) shows a
nearly steady-state reaction:
(i) the total peak area slowly declines and remains con-
stant after 90 s at approximatively 83% of the initial to-
tal peak area;
(ii) (4Z,15Z)-bilirubin (III+IX+XIII)a decreases and
reaches a plateau at about 90 s (nearly 73% of the re-
maining total peak area);
(iii) in the same time, the configurational isomers
increase to a maximal value (nearly 28% of the remain-
ing total peak area) and almost no changes in peak areas





































Fig. 5 Typical time course of the action of light on (4Z,15Z)-
bilirubin (III-!-IX+XIII)a:
(a) irradiation in blue light;
(b) irradiation in green light.
S Remaining total peak area as fraction of the initial peak area.
The others fractions: ̂  (4Z,15Z)-bilirubin (III+DC-f XIII)a, D con-
figurational isomers and α structural isomers are expressed as frac-
tion of the remaining total peak area.
(iiii) during the duration of the kinetic study, no struc-
tural isomers were detected in the irradiated samples.
The kinetic data of the green photoirradiation are pre-
sented in figure 5b. The following changes were ob-
served:
(i) the total peak area declines dramatically up to 33%
of the initial total peak area;
(ii) in parallel, (4Z,15Z>bilirubin (III+IX+XIII)a dis-
appears dramatically to 12% of the remaining total
peak area;
(iii) the peak area of the structural isomers progressively
increases up to a value of 88% of the remaining total
peak area;
(iiii) during the irradiation, the configurational isomers
increase slightly but never attain a value of 2.5% of the
remaining total peak area.
Interference by photoisomers in routine
methods for bilirubin determinations
Blue light irradiation
The determination of the different bilirubin species,
using HPLC, Kodak and Hitachi, after blue light irradia-
tion, is presented in table 3. These data show that:
(i) the values of total bilirubin measured by the Kodak
and the Hitachi procedure are constant;
(ii) HPLC and Kodak do not detect conjugated bilirubin
in samples, but the Hitachi analyser gives a constant
value for direct bilirubin, and consequently also for indi-
rect bilirubin;
(iii) the peak area of (4Z,15Z)-bilirubin (Πί+ΙΧ+ΧΠΙ)α
is correlated to unconjugated bilirubin, but the equation
of the regression line (y = 0.006 χ + 154.12, r = 0.855,
p = 0.0069) is different from equation (1); the calcu-
lated values of unconjugated bilirubin using equation
(1), are different from the measured values of unconju-
gated bilirubin; the differences between measured and
calculated unconjugated bilirubin are correlated to the
peak areas of configurational isomers (y = 0.025 χ
+ 3.02, r = 0.858, ρ = 0.0064);
(iiii) total bilirubin values measured by the Kodak pro-
cedure are higher than unconjugated bilirubin in spite of
the absence of conjugated bilirubin in samples; by ap-
plying the appropriate formulae, the Kodak results gave
a calculated value for delta bilirubin (δξί). These values
of delta bilirubin are slightly correlated to the total peak
area of configurational isomers (y = 0.006 χ 4- 14.22,
r = 0°513, p = 0.194).
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Green light irradiation
A representative set of data, obtained from the 3 meth-
ods after green light irradiation, is presented in table 4.
The following observations can be made:
(i) as for samples from neonates (fig. 2a), the values of
total bilirubin determined on the Kodak and Hitachi
were highly correlated;
(ii) surprisingly Kodak gives a false positive response
for conjugated bilirubin, and conjugated bilirubin is
correlated with the recorded area of structural isomers
(y = 0.023 χ + 5.40, r = 0.905, p = 0.0003); moreover
direct bilirubin values on the Hitachi are constant;
(iii) unconjugated bilirubin is higher than total bilirubin
measured with the Kodak procedure (TBKo) (except for
the lowest value of structural isomers) and also higher
than the values calculated from the corresponding
(4Z,15Z)-bilirubin (III+IX+XIII)a areas by means of
equation (1); besides, the differences between unconju-
gated bilirubin and unconjugated bilirubin calculated
display a reliable correlation with the areas of structural
isomers (y = 0.053 χ + 14.25, r = 0.916, p = 0.0002);
(iiii) the peak area of (4Z,15Z)-bilirubin
(III+IX+XIII)a is correlated with the following quanti-
ties: total bilirubinKodak, total bilirubinHitachi> indirect bi-
lirubin and unconjugated bilirubin (fig. 6). Comparison






































1 increasing amounts of configurational isomers were obtained by
suitable addition of irradiated sample to a non-irradiated sample
of bilirubin
2 arb. units. The other analytes are expressed in μηιοΐ/ΐ
Abbreviation:
TBKo = Total bilirubin, Kodak procedure
CB — Conjugated bilirubin
UB = Unconjugated bilirubin



























































UB (UB- TBHi DB indB
calc UB
calc)
213 6 230 11 219
204 13 231 11 220
196 20 235 11 224
191 23 233 11 222
190 18 230 12 218
183 31 226 11 215
180 29 229 12 217




5B = delta Bilirubin
UB calc = Unconjugated bilirubin calculated by means of
equation (1)
UB-UB calc = Difference
TBHj = Total bilirubin, Hitachi procedure
DB = Direct bilirubin





















































































1 increasing amounts of structural isomers were obtained by suit-
able addition of irradiated sample to a non-irradiated sample of bili-
rubin
2 arb. units. The other analytes are expressed in μηιοΐ/ΐ
For abbreviations see legend to tab. 3
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Fig. 6 Linear regression statistics for the following analytes : to-
tal bilirubin (Kodak Ektachem and Hitachi 717), unconjugated biii-
rubin (Kodak Ektachem) and indirect bilirubin (Hitachi 717) versus
(4Z,15Z)-bilirubin (III+IX+XIII)a determined by HPLC.
(D) Total bilirubin (Kodak Ektachem) versus (4Z,15Z)-bilirubin
(ΙΙΙ+ΙΧ+ΧΙΙΙ)α, η = 10,
regression line (1), y = 0.018 χ + 36.19, r = 0.993, p < 0.0001.
(O) Total bilirubin (Hitachi 717) versus (4Z,152)-bilirubin
(ΙΙΪ+ΙΧ+ΧΙΙΙ)α, η = 10,
regression line (2), y = 0.017 χ + 40.14, r = 0.992, p < 0.0001.
(Δ) Indirect bilirubin (Hitachi 717) versus (4Z,15Z)-bilirubin
(ΙΙΙ+ΙΧ+ΧΙΙΙ)α, η = 10,
regression line (3), y = 0.018 χ + 18.83, r = 0.991, p < 0.0001.
(D) Unconjugated bilirubin (Kodak Ektachem) versus (4Z,15Z)-
bilirubin (III+IX+XIII)ct, n = 10,
regression line (4), y = 0.009 χ + 115.26, r = 0.991, p < 0.0001.
of these regression lines shows that total bilirubinKodak
and total bilirubinHitachi are identical; the one represent-
ing indirect bilirubin is parallel to these previous 2 lines
and the last unconjugated bilirubin presents a half value
of slope. The intercept between unconjugated bilirubin
and both total bilirubinKodak and total bilirubinHitachi, at
approximately 188 μιηοΙ/1 (sample without structural
isomers), demonstrates that if no one of the 2 structural
isomers is detected by the diazo method, these isomers
give a positive response for the BUBC slide on the Ko-
dak apparatus.
Discussion
Accurate determination of serum bilirubin fractions is
needed for clinicians to survey hyperbilirubinaemic neo-
nates. However, results may vary from laboratory to lab-
oratory, and also in the same laboratory, depending on
the methodologies and types of clinical instruments
used. In addition to bias due to differences in methodo-
logies (see for review I.e. (31-33)), another cause of
variability is the existence of photoisomers (32, 34).
These molecular species may appear during therapeutic
use of light or when samples are collected and trans-
ported without protection from light. In the first case,
depending on the nature of the lamps, employed, config-
urational isomers and structural isomers are produced;
in the second case, generally only configurational iso-
mers are produced. The specific production in quantita-
tive amounts of these isomers, under blue and green irra-
diation, enabled us to demonstrate that the interference
by these two kinds of isomers is not identical for the
Kodak and Hitachi Analysers. In the* presence of config-
urational isomers, the values on the Hitachi are constant
(tab. 3). In spite of the variations of both (4Z,15Z)-biliru-
bin (ΙΙΙ+ΙΧ+ΧΪΠ)α and configurational isomers, total
bilirubinHitachi quantitates all present species. The invari-
able direct bilirubin value in the direct methodology —
without caffeine and sodium benzoate reagents - is not
correlated to the presence of configurational isomers.
The specificity of the direct methodology is therefore
deficient. In the presence of configurational isomers, the
total bilirubin slide on the Kodak quantitates all present
species, but the measured unconjugated bilirubin values
are higher than the expected unconjugated bilirubin (UB
calc). Therefore the BUBC slide is able to test configu-
rational isomers but cannot distinguish them from the
native form. The absorption spectra of (4Z,15£)-biliru-
bin IXa, the major form of configurational isomers, is
slightly different from (4Z,15Z)-bilirubin EXa (fig. 4),
reflecting the Z-» Ε change on bond 15 of the molecule.
The reflexion density enhanced to higher wavelength by
the mordant in the reaction layer of the slide (28, 35,
36) is therefore possibly different for the two species.
As the differences (unconjugated bilirubin minus uncon-
jugated bilirubin calculated (UB - UB calc) are posi-
tive, we deduce that configurational isomers are not
taken totally into account by the photodetection system
and the computer on the Kodak (see the correlation be-
tween (UB - UB calc) versus configurational isomers).
It has been previously reported that structural isomers
were not detected by the diazo method (10), so it is not
surprising that total bilirubin values on the Hitachi fol-
low the decrease of (4Z,15Z)-bilirubin (III+IX+XIII)a
(tab. 4). On the other hand, the direct bilirubin values
are constant. The total bilirubin slide on the Kodak -
based on the diazo reaction - gives the same result as
the Hitachi. The conjugated bilirubin-positive results
with the BUBC slide may be explained by the following
hypothesis: the absorption spectra of (4£,15Z)-cyclobili-
rubin IXa, the major form of structural isomers, is
shifted to shorter wavelength (maximum at around 430
nm) in comparison with the native form (fig. 4); in the
reaction layer, the interaction of conjugated forms with
the mordant induces a shift to shorter wavelength with
a maximum at 423 nm (28, 35, 36); thus, by reading the
slide at 460 nm and particularly at 400 nm, the solving
of the computerized equations may be erroneous. Evi-
dently, these explanations do not take account of any
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modification of the spectra of structural isomers by the
mordant. This hypothesis is supported by the fact that
conjugated bilirubin is highly correlated to structural
isomers, but these isomers certainly contribute in the
unconjugated bilirubin determination of because uncon-
jugated bilirubin is higher than unconjugated bilirubin
calculated. The extrapolation of our results to clinical
situations needs caution. The excretion of photoderiva-
tives in urine (mainly as cyclobilirubins) is markedly
increased with intensive blue-light phototherapy (37).
Despite their rapid excretion (38), our results show, in
38.8% of cases, that cyclobilirubins can be detected in
plasma (tab. 1). Our data may explain the anomalous
results reported by some authors. For example, Rosen-
thai & Jennings (39) report that in samples with high
unconjugated bilirubin levels the Kodak calculates delta
bilirubin (δΒ) values, whereas a specific manual method
never detects this form; this might be explained by the
presence of configurational isomers in samples (see our
results tab. 3). In another example, Ihara et al. (17) re-
ported that after irradiation (between 340 and 700 nm)
of samples initially without conjugated bilirubin, uncon-
jugated bilirubin is higher than total bilirubin, while con-
jugated bilirubin becomes positive on the Kodak; their
protocol for isolating photoproducts in the aqueous
phase strongly suggests the presence of a structural iso-
mer. This result may be compared with our data pre-
sented in table 4. The present study highlights the contri-
bution of photoisomers in the determination of different
bilirubin species. Further studies are required to explain
exactly how configurational and structural isomers con-
tribute in the quantification of bilirubin in routine clin-
ical methodologies.
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